INTRODUCTION {#sec1}
============

Striking combat sports (i.e., karate, taekwondo, boxing and kickboxing) are widely practised around the world \[[@cit0001]-[@cit0007]\]. Competition is the most remarkable stressor situation for the physiological, hormonal and psychological aspects of the individual \[[@cit0008]-[@cit0010]\]. However, there are several methods used by coaches and strength and conditioning specialists to evaluate the internal and external combat loads undertaken and to monitor athletes' stress *per se*. To date, many studies have examined physiological responses (e.g., heart rate, blood lactate) to karate \[[@cit0011],[@cit0012]\], boxing \[[@cit0013]\] and kickboxing competitions \[[@cit0014]-[@cit0015]\] as a method to quantify the internal combat load. Furthermore, evaluation of hormonal changes is also used to quantify the internal combat load during striking combat sports competitions \[[@cit0016]-[@cit0018]\].

The acute endocrine/hormone response to exercise bouts, training and competition has received considerable attention in recent years \[[@cit0016],[@cit0019]-[@cit0023]\]. Particularly, the most widely used hormones to quantify athletes' stress *per se* during competitions are testosterone (*T*) and cortisol (*C*). Testosterone is a steroid hormone secreted by the Leydig cells of the testes under hypothalamic and pituitary control defining the hypothalamo-pituitary-testicular (HPT) axis \[[@cit0023]\]. Testosterone has many physiological roles within the body, all of which can be placed into two categories: androgenic and anabolic \[[@cit0023]\]. Cortisol is also a steroid hormone, secreted by the adrenal cortex via the hypothalamus-pituitary-adrenal (HPA) axis. It is known as the regulator hormone of immune function and has a catabolic effect on tissue. It is also associated with a decrease in the activity of some anabolic hormones, such as insulin-like growth factor 1 (IGF-1) and human growth hormone (HGH) \[[@cit0009]\]. High levels of *C* could be associated with fatigue and inflammation, increasing the risk of injury and indicating overtraining \[[@cit0022]\]. In addition, the testosterone/cortisol (*T/C*) ratio has been considered as an accurate indicator of overtraining in athletes \[[@cit0022]\]. Accordingly, several studies have reported that striking combat sports competition is a very high intensity and stressful activity that results in increased *C* levels \[[@cit0005],[@cit0016],[@cit0024]\]. In contrast, the same consensus does not apply to karate *kata* and *kumite* due to significant increases in glucose, *T* and catecholamines levels, without significant changes in insulin and *C* concentrations \[[@cit0017]\]. This controversy may be due to differences in age, gender, and the nature of the competition. For instance, the determination of moderator variables (i.e., which type of competition is most stressful) that influence the effect of competition on hormonal responses is important to help coaches and strength and conditioning professionals adapt their training interventions to meet the needs of the athlete and to control these variables.

Performance in competitions and demanding work activities indicates that the concomitant measurement of hormonal and psychological parameters offers a unique possibility to achieve a more comprehensive evaluation of the stress responses of the practitioners \[[@cit0018],[@cit0025]\]. In addition, previous studies have shown that competition events known to increase stress are associated with a higher increase of *C* concentrations and psychological stress, and reduction of *T* levels and *T/C* ratio \[[@cit0016],[@cit0018]\]. For instance, an integrated psychobiological stress-related measurement during competition could be of considerable interest for studies on athlete performance and behaviour \[[@cit0018]\]. Typically, measuring psychological variables, which are also called mediator factors, could help researchers and coaches understand why and how the increase or decrease of stress in the competition was achieved. Indeed, this could be explained by the inconsistent effect of competition on the mediating variables or by the psychological state of practitioners prior to the competition.

A synthesis of the literature about hormonal responses related to striking combat sports athletes may be helpful and of great applicable importance towards understanding the level of effort, stress *per se* and the real physiological demands of such an activity. Furthermore, a summary of the studies related to striking combat practitioners would offer essential knowledge with regards to effectively monitoring training load as well as the acute changes in stress-related parameters, avoiding the development of non-functional overreaching conditions or, the most importantly, overtraining syndrome \[[@cit0009],[@cit0012]\]. In view of the non-consensual studies available in the scientific literature, a systematic review and meta-analysis that precisely summarize and investigate the effects of striking combat sports on hormonal responses and the possible mediator/moderator variables that may interfere could help improving training and competition programme planning. Therefore, the aims of the present systematic review and meta-analysis were to (a) discuss the hormonal responses related to striking combat sports competition from the available scientific studies and (b) determine the moderator and mediator variables (i.e., self-efficacy, mood state, anxiety and motivation) interfering in the hormone changes-competition relationship.

MATERIALS AND METHODS {#sec2}
=====================

1. Search strategy {#sec2.1}
------------------

This review was conducted in accordance with Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) Statement guidelines \[[@cit0026]\] ([Figure 1](#f0001){ref-type="fig"}). A computerized search was performed in PubMed, Google Scholar and ScienceDirect (up to February 2016) for English-language, peer-reviewed investigations using the terms "boxing", "taekwondo", "karate", or "kickboxing" alone and together with "hormonal response", and "stress".

![Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) flow-chart.](JBS-35-71601-g001){#f0001}

2. Inclusion and exclusion criteria {#sec2.2}
-----------------------------------

To be suitable for inclusion, studies had to fulfil the following selection criteria: (a) non-randomized controlled trials (NRCTs); (b) studies focusing on striking combat sports with hormonal responses measurements (i.e., *C*, *T*, adrenaline, noradrenaline, IGF-1, and HGH); (c) studies containing healthy, amateur and elite participants practising striking competition; and (d) studies written in English. Studies of older adults (age \>60 years) were excluded. Also, reviews, comments, interviews, letters, posters, book chapters, and books were also excluded.

Hormonal measurements methods using blood, urine or saliva samples were included in the present study. According to Archer \[[@cit0027]\], Book et al. \[[@cit0028]\] and Wang et al. \[[@cit0029]\], salivary and serum methods are equally valid, exhibiting strong positive correlations with one another. The potentially relevant studies were screened for eligibility by two reviewers (MS and AP) by examining the titles, abstracts and full texts.

3. Quality appraisal {#sec2.3}
--------------------

Two reviewers (MS and AP) conducted a methodological quality assessment on each included article using the modified Downs and Black scale \[[@cit0030]\], which is appropriate for nonrandomized control trials (NRCTs) and case--control study designs. Twenty-seven items were used to determine the Methodological Quality Checklist of each study. Twenty-six 'yes'-or-'no' questions are scored totalling up to 26 possible points. In this review, the questions were categorized under 4 sections: Reporting (10 items), External validity (3 items), Study bias (7 items), and Confounding and selection bias (6 items). Moderator and mediator variables whose hormonal concentrations changed were recorded when applicable.

4. Possible moderator and mediator variables {#sec2.4}
--------------------------------------------

The research literature suggests many potential moderators of hormonal changes such as the combat sport practised (karate vs taekwondo vs kickboxing), age (≤17 vs \>17 years), gender (male vs female), and competitive levels (amateur vs highly trained) of participants, the circadian rhythm/time of day (morning vs evening) and the nature of the competition contests (simulation vs official). Therefore, it would be useful to investigate the effects of these moderator variables on competition events and hormone-changes relationship. Furthermore, possible mediator variables, such as self-confidence, anger, mood state, and anxiety, have been shown to influence the hormonal stress to competition and were therefore included in the study. The effect sizes (ESs) were calculated as the standardized difference in means adopted for paired groups \[[@cit0031]\].

5. Statistical analysis {#sec2.5}
-----------------------

The meta-analyses were performed using Comprehensive Meta-analysis software (Version 2.0, Biostat Inc., Englewood, NJ, USA). The mean differences and 95% confidence intervals (CIs) were calculated for the included studies. The I**^2^** measure of inconsistency was used to examine between-study variability; values of 25, 50 and 75% represent low, moderate and high statistical heterogeneity, respectively \[[@cit0032]\]. The publication bias was assessed by examining the asymmetry of the funnel plots using Egger's test, and a significant publication bias was considered when p \< 0.10. Although the heterogeneity of the effects in the present meta-analysis ranged from 0% to 72% (see Results section), it was decided to apply a random-effects model of meta-analysis in all comparisons, to determine the pooled effect of striking combat sports on hormonal responses. Further, the effect size (ES) was calculated according to the following formula:
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where Ni is the total sample size of the intervention group minus one. The magnitude of the effects was interpreted as changes using the following criteria: trivial (\< 0.20), small (0.21--0.60), moderate (0.61--1.20), large (1.21--2.00), very large (2.01--4.00) and extremely large (\> 4.00) \[[@cit0031]\]. Additionally, a meta-regression was also performed to examine whether the age of athletes may predict alterations in *C* and *T* levels following striking combat sports events/competitions. The significance level of p\<0.05 was used for all analyses.

RESULTS {#sec3}
=======

1. Literature search {#sec3.1}
--------------------

The full texts of 47 articles were retrieved and assessed for eligibility against the inclusion criteria. After reviewing the full text of 47 articles, 36 articles were excluded and the remaining 11 qualitative studies were included ([Figure 1](#f0001){ref-type="fig"}). More specifically, 8 quantitative studies were included for full review and data synthesis. From the quantitative studies, four studies examined the *C* responses to striking combat sports competitions; four studies investigated the *T* response; two studies assessed the adrenaline and noradrenaline responses; one study assessed the IGF-1 response; and finally one study measured the HGH response.

2. Characteristics of included studies {#sec3.2}
--------------------------------------

The total number of participants included in this review was 123 (89 males and 34 females). Furthermore, the number of participants per study ranged between 9 and 24. The range of the subject's age within the selected studies was 14.4 to 26.7 years. All studies were cross-sectional with pre- and post-combat hormonal analysis ([Table 1](#t0001){ref-type="table"}, [2](#t0002){ref-type="table"}, [3](#t0003){ref-type="table"}). Participants' characteristics, such as gender, age, competitive level, and time of day at which hormonal measurements were measured, are presented in [Tables 1](#t0001){ref-type="table"}, [2](#t0002){ref-type="table"}, and [3](#t0003){ref-type="table"}.

###### 

Hormonal responses between pre- and post-karate competition (mean ± SD or relative effect %).

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                            Parmigiani et al. \[[@cit0024]\]                                                                  Azarbayjani et al. \[[@cit0034]\]                        Benedini et al. \[[@cit0017]\]                                                                 Chaabène et al. \[[@cit0016]\]
  ------------------------------------------------ ------------------------------------------------------------------------------------------------- -------------------------------------------------------- ---------------------------------------------------------------------------------------------- ----------------------------------------------------------
  **Type of competition**                          Simulation                                                                                        Official                                                 Simulation                                                                                     Simulation

  **Athletes' characteristics (gender, n, age)**   Healthy Italian karateka (Males: n=24; 26.75±7.98 years)                                          Iranian elite karateka (Females: n=20; 21.1±3.0 years)   Healthy Italian karateka (Males: n=6; Females: n=4; 21.9±1.1 years)                            Tunisian elite karateka (Males: n=9; 20.5±2.8 years)

  **Combat duration (min)**                        3 min                                                                                             3 min                                                    3 min                                                                                          3 min

  **Collection method (time of day)**              Blood (evening)                                                                                   Salivary (morning)                                       Blood (morning)                                                                                Salivary (evening)

  **Unit**                                         ng/ml                                                                                             ng/ml                                                    nmol/L                                                                                         μg/dL

  **Cortisol**                                     Pre *Kumite* 108.36±9.41\                                                                         Pre match 14.07±7.18\                                    Pre *Kata* and *Kumite* 752.5±52\                                                              Pre match 9.25±6.20\
                                                   Imm-Post *Kumite* 162.80±11.09[a](#tf1-1){ref-type="table-fn"}[b](#tf1-2){ref-type="table-fn"}\   Imm-Post combat 26.86±19.67                              Imm-Post *Kumite* 759.1±46 (NSD)\                                                              Imm-Post 13.30±3.38
                                                   Pre *Kata* 103.40±11.56\                                                                                                                                   Imm-Post *Kata* 711.1±87 (NSD)                                                                 
                                                   Imm-Post *Kata* 115.00±12.03 (NSD)                                                                                                                                                                                                                        

  **Testosterone**                                 Pre *Kumite* 3.95±0.41\                                                                                                                                    Pre *Kata* and *Kumite* 6.7±1.4\                                                               Imm-Post combat 1 4.7% (NSD)\
                                                   Imm-Post *Kumite* 4.46±0.49[a](#tf1-1){ref-type="table-fn"},[b](#tf1-2){ref-type="table-fn"}\                                                              Imm-Post *Kumite* 9.1±1.9[a](#tf1-1){ref-type="table-fn"}\                                     Imm-Post combat 2 ↓12.9%[a](#tf1-1){ref-type="table-fn"}
                                                   Pre Kata 3.90±0.33\                                                                                                                                        Imm-Post *Kata* 7.9±1.7[a](#tf1-1){ref-type="table-fn"}                                        
                                                   Imm-Post *Kata* 4.03±0.36 (NSD)                                                                                                                                                                                                                           

  **Adrenaline**                                                                                                                                                                                              Pre *Kata* and *Kumite* 702±127 Imm-Post *Kumite* 3.269±590[a](#tf1-1){ref-type="table-fn"}\    
                                                                                                                                                                                                              Imm-Post *Kata* 1.871±367[a](#tf1-1){ref-type="table-fn"}                                      

  **Noradrenaline**                                                                                                                                                                                           Pre 1.149±75\                                                                                   
                                                                                                                                                                                                              Imm-Post *Kumite* 2.356±313[a](#tf1-1){ref-type="table-fn"}\                                   
                                                                                                                                                                                                              Imm-Post *Kata* 2.023±229[a](#tf1-1){ref-type="table-fn"}                                      
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

significantly different from pre-competition level at p \< 0.05;

significantly different from *kata* at p \< 0.05; NSD: no significant different compared to pre-competition; NR: not reported; Imm: Immediately; ↑: increased; ↓: decreased.

###### 

Hormonal responses between pre- and post- taekwondo competition (mean ± SD or relative effect %).

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                            Pilz-Burstein et al. \[[@cit0035]\]                                                        Chiodo et al. \[[@cit0018]\]                                             Capranica et al. \[[@cit0033]\]                                                   Bridge et al. \[[@cit0025]\]
  ------------------------------------------------ ------------------------------------------------------------------------------------------ ------------------------------------------------------------------------ --------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------
  **Type of competition**                          Simulation                                                                                 Official                                                                 Official                                                                          Simulation

  **Athletes' characteristics (gender, n, age)**   Cadets and junior Israeli National Team (males: n=10; females: n=10; 14.4±1.0 years)       Italian youth black belt level (males: n=10; females: n=6; 14±0 years)   Italian young "Cadetti/Cadets B" blue belt level (males : n=12; 10.4±0.2 years)   Elite British national team and British technical centres of excellence (males : n=10; 18±2 years)

  **Combat time duration (min)**                   Three fights/ 8 min each (3 rounds, 2 min each, separated by 1-min recovery in-between)\   3x2 min rounds with a 1 min break in-between                             3x2 min rounds with a 1 min break in-between                                      3x2-min rounds with 1-min recovery in between
                                                   The rest in-between the fights was 30 min                                                                                                                                                                                                             

  **Collection method (time of day)**              Blood (morning)                                                                            Salivary (morning)                                                       Salivary (12:00 to 13:00 p.m.)                                                    Blood (NR)

  **Unit**                                         nmol/L for T and C; ng/ml for IGF-I                                                        nmol/L                                                                   nmol/L                                                                            nmol/L

  **Cortisol**                                     Pre 482±107 (male)\                                                                        Imm-Post ↑24% (NSD) (male)\                                              Imm-Post ↑58% (NSD)\                                                               
                                                   Imm-Post 626±138[a](#tf2-1){ref-type="table-fn"} (male)\                                   Imm-Post ↑58% (NSD) (female)                                             After 30-min ↑214%[a](#tf2-1){ref-type="table-fn"}                                
                                                   Pre 568±116 (female)\                                                                                                                                                                                                                                 
                                                   Imm-Post 629±146[a](#tf2-1){ref-type="table-fn"} (female)                                                                                                                                                                                             

  **Testosterone**                                 Pre 8.7±6.5 (male)\                                                                                                                                                                                                                                    
                                                   Imm-Post 2.1±1.0[c](#tf2-2){ref-type="table-fn"} (male)\                                                                                                                                                                                              
                                                   Pre 1.74±0.7[§](#tf2-3){ref-type="table-fn"} (female)\                                                                                                                                                                                                
                                                   Imm-Post 1.74±0.7 (female)                                                                                                                                                                                                                            

  **IGF-I**                                        Pre 338.2±120.0 (male)\                                                                                                                                                                                                                                
                                                   Imm-Post 315.5±114.2[a](#tf2-1){ref-type="table-fn"} (male)\                                                                                                                                                                                          
                                                   Pre 401.7±88.8 (female)\                                                                                                                                                                                                                              
                                                   Imm-Post 380.5±81.9[a](#tf2-1){ref-type="table-fn"} (female)                                                                                                                                                                                          

  **Adrenaline**                                                                                                                                                                                                                                                                                         Pre 0.5±0.3\
                                                                                                                                                                                                                                                                                                         Imm-Post 2.7±1.7[a](#tf2-1){ref-type="table-fn"}

  **Noradrenaline**                                                                                                                                                                                                                                                                                      Pre 2.0±0.4\
                                                                                                                                                                                                                                                                                                         Imm-Post 14.3±9.4[a](#tf2-1){ref-type="table-fn"}
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

significantly different from pre-competition level at p \< 0.05;

significantly different between-group change, pre versus post levels, at p \< 0.05;

significant difference in baseline level males versus females at p \< 0.05; ; IGF-I: insulin-like growth factor 1; Imm: immediately; NR: not reported↑: increased.

###### 

Hormonal responses between pre- and post-kickboxing competition (mean ± SD or relative effect %).

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                            Moreira et al. \[[@cit0036]\]                                          Ouergui et al. \[[@cit0015]\]                                             Ouergui et al. \[[@cit0005]\][\*](#tf3-2){ref-type="table-fn"}
  ------------------------------------------------ ---------------------------------------------------------------------- ------------------------------------------------------------------------- ----------------------------------------------------------------------
  **Type of competition**                          Simulation                                                             Official                                                                  Simulation

  **Athletes' characteristics (gender, n, age)**   São Paulo re gional or national kickboxers (males: n=20; 23±4 years)   Tunisian regional and national kickboxers (males: n=20; 21.3±2.7 years)   Tunisian regional and national kickboxers (NR: n=20; 21.3±2.7 years)

  **Combat duration (min)**                        3x4 min with 1 min rest in-between                                     3x2 min with 1 min rest in-between                                        3x2 min with 1 min rest in-between

  **Collection method (time of day)**              Salivary (morning)                                                     Blood (evening)                                                           Blood (NR)

  **Unit**                                         ng/ml                                                                  ng/ml                                                                     ng/ml

  **Cortisol**                                     Pre 38.5±19.0\                                                         Pre 97.7±49.2\                                                            Pre 97.7±37.1\
                                                   Imm-Post 57.5±21.0[a](#tf3-1){ref-type="table-fn"}                     Imm-Post 143.7±39.4[a](#tf3-1){ref-type="table-fn"}                       Imm-Post 143.7±29.4[a](#tf3-1){ref-type="table-fn"}

  **Testosterone**                                                                                                        Pre 3.2±1.3\                                                              Pre 3.2±1.3\
                                                                                                                          Imm-Post 4.5±1.6[a](#tf3-1){ref-type="table-fn"}                          Imm-Post 4.5±1.6[a](#tf3-1){ref-type="table-fn"}

  **T/C ratio**                                                                                                           Pre 0.03±0.01\                                                            Pre 0.03±0.01\
                                                                                                                          Imm-Post 0.03±0.01(NSD)                                                   Imm-Post 0.03±0.01 (NSD)

  **GH**                                                                                                                  Pre 0.6±0.6\                                                              Pre 0.6±0.6\
                                                                                                                          Imm-Post 11.4±4.1[a](#tf3-1){ref-type="table-fn"}                         Imm-Post 11.4±4.1[a](#tf3-1){ref-type="table-fn"}
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

significantly different from pre-competition level at p \< 0.05; GH: growth hormone; NSD: not significantly different compared to pre-competition; NR: not reported; Imm: immediately;

we did not use this study in the quantitative synthesis because the authors presented the same data in the study of Ouergui et al. \[[@cit0015]\].

3. Methodological quality {#sec3.3}
-------------------------

The methodological quality scores of the included studies ranged from 8 to 16, with the average score being around 12. Two of the included studies \[[@cit0017],[@cit0034]\] were of high quality, three investigations \[[@cit0016],[@cit0024],[@cit0025]\] were of moderate quality, and the remaining three studies were of low quality \[[@cit0015],[@cit0035],[@cit0036]\] ([Table 1](#t0001){ref-type="table"}, [Table 2](#t0002){ref-type="table"}, [Table 3](#t0003){ref-type="table"}). Future research needs to control nutrition status, sleep quality, health and psychological states of each participant. Furthermore, studies should also state participants' specific characteristics, such as age and gender. In summary, this evaluation highlighted a number of areas in need of improvement to reduce the risk of bias and provide evidence for the generalization of findings, which would increase the quality of research in this field.

4. Publication bias {#sec3.4}
-------------------

Egger's test was performed to provide statistical evidence of funnel plot asymmetry ([Figure 2](#f0002){ref-type="fig"}) and the results indicated publication bias for all analyses (p \< 0.10).

![Funnel plot showing evidence of publication bias for the meta-analysis for all analyses.](JBS-35-71601-g002){#f0002}

5. Effects of striking combat sports on hormonal changes {#sec3.5}
--------------------------------------------------------

### 5.1. Effects of striking combat sports competition on cortisol level changes {#s3e1}

The pooled effect of seven studies (ten ESs) included in the meta-analysis showed a moderate increase of *C* level (ES = 0.79; 95% CI 0.31--1.28; p = 0.001) immediately following the combat events, compared to the control condition i.e., pre-combat ([Figure 3](#f0003){ref-type="fig"}). The effects of striking combat sports competitions on *C* responses relative to different moderator variables are presented in [Table 4](#t0004){ref-type="table"}. Thus, when comparing pre- to post-*C* level changes among different sports, there was no difference in ES magnitude (Q = 0.41; p = 0.815). However, a slightly greater effect on *C* levels was observed following both karate (ES = 0.86) and kickboxing (ES = 0.95) competitions, compared to taekwondo (ES = 0.68). Regardless of the practised sport, age proved to be a insignificant predictor of *C* level changes (*B* = 0.07457, Z = 1.048, p = 0.294). Sub-group analysis showed that athletes older than 17 years had slightly higher *C* levels than younger ones (ES = 0.83 vs ES = 0.68) immediately following the combat event, although insignificant differences were observed (Q = 0.12, p = 0.731). Males had a greater *C* response than females (ES = 1.21 \[large\] vs ES = 0.66 \[small\]); however, due to high variance of ESs among the included studies, significance of those results was not achieved (Q = 1.67, p = 0.196). Further, amateur athletes had larger increases in *C* levels compared to highly trained athletes (ES = 2.91 \[very large\] vs ES = 0.58 \[small\]), without a significant difference between them (p = 0.26). Regarding the time of day, evening events showed greater alterations in *C* levels compared to morning events (ES = 1.50 \[large\] vs ES = 0.48 \[small\]), without a significant difference between them (p = 0.08). Finally, both the simulated and official events showed significant moderate *C* level modulations (ES = 0.80 and ES = 0.91, respectively).

###### 

Cortisol responses to striking combat sports competitions relative to different moderator variables.

  ----------------------------------------------------------------------------------------------------------------------------------
  Independent variables             ES      Variance   95% CI           p           I^2^ (%)   df   Q value and (p) between groups
  --------------------------------- ------- ---------- ---------------- ----------- ---------- ---- --------------------------------
  Type of sport\                    0.86\   0.18\      0.02 to 1.70\    0.045\      81.39\     5\   0.41 (0.815)
   karate\                          0.68\   0.11\      0.02 to 1.33\    0.042\      0.00\      1\   
   taekwondo\                       0.95    0.07       0.44 to 1.46     \< 0.001    0.00       1    
   kickboxing                                                                                       

  Age of athletes\                  0.68\   0.11\      0.02 to 1.33\    0.042\      0.00\      1\   0.12 (0.731)
   ≤17\                             0.83    0.05       0.24 to 1.43     0.006       74.99      7    
   \>17                                                                                             

  Gender\                           1.21\   0.11\      0.58 to 1.85\    \< 0.001\   66.28\     5\   1.67 (0.196)
   male\                            0.66    0.08       0.13 to 1.20     0.015       0.00       1    
   female                                                                                           

  Competitive level\                2.91\   4.33\      -1.17 to 6.99\   0.162\      92.60\     1\   1.25 (0.264)
   amateur\                         0.58    0.03       0.21 to 0.94     0.002       36.96      7    
   trained                                                                                          

  Circadian rhythm\                 0.48\   0.06\      0.02 to 0.94\    0.043\      47.66\     5\   3.06 (0.080)
   morning\                         1.50    0.29       0.45 to 2.55     0.005       85.69      3    
   evening                                                                                          

  Nature of competition contests\   0.80\   0.11\      0.16 to 1.44\    0.014\      78.58\     7\   0.07 (0.798)
   simulation\                      0.91    0.07       0.40 to 1.41     \< 0.001    0          1    
   official                                                                                         
  ----------------------------------------------------------------------------------------------------------------------------------

![Forest plot of cortisol changes induced by striking combat sports competitions.](JBS-35-71601-g003){#f0003}

Based on two studies' results (four ESs), alterations in *C* levels following the two different forms of karate (i.e., *kumite and kata*) were analysed. Both *kumite* and *kata* increase *C* levels (ES = 2.61 \[very large\] and ES = 0.24 \[small\], respectively); however, due to high variance of ESs and heterogeneity among the included studies, significance of those results was not achieved. In addition, following both simulated and official kickboxing competitions, a moderate effect on *C* response was observed (ES = 0.94 and ES = 0.83, respectively).

### 5.2. Effects of striking combat sports on testosterone level changes {#s3e2}

The pooled effect of four studies (seven ESs) included in this meta-analysis showed a small, insignificant increase in *T* levels (ES = 0.47; 95% CI -0.45--0.99; p = 0.074) immediately following the combat events, compared to the control condition i.e., pre-combat ([Figure 4](#f0004){ref-type="fig"}). Effects of striking combat sports competitions on *T* responses relative to different moderator variables are presented in [Table 5](#t0005){ref-type="table"}. Thus, when comparing pre- to post-*T* level changes among different sports, no significant difference in ES (Q = 4.20; p = 0.1[@cit0022]) was observed. However, when comparing individual sports, a borderline significant difference was observed (Q = 3.801, p = 0.051) between kickboxing (moderate increase in *T* levels, ES = 0.86) and taekwondo (small decrease in *T* levels, ES = - 0.58). Also, a significant difference was observed (Q = 3.881, p = 0.049) following karate events (moderate increase in *T* levels, ES = 0.76) compared to taekwondo (small decrease in *T* levels, ES = - 0.58). Meta regression analysis showed that athletes' age is a significant predictor of the observed *T* level alterations following striking combat sports events (B = 0.101, Z = 1.995, p = 0.046, [Figure 5](#f0005){ref-type="fig"}). Additionally, sub-group analysis confirmed meta-regression results where a significant difference was observed between younger and older athletes (Q = 4.05, p = 0.044), suggesting that younger individuals (less than 17 years of age) had a small decrease in *T* levels (ES = -0.58), compared to the moderate increase observed in older individuals (ES = 0.76) following combat events. Males had a greater *T* response than females (ES = 0.36 \[small\] vs ES = 0.00 \[trivial\]); however, due to high variance of ESs among the included studies, significance of those results was not achieved (Q = 0.30; p = 0.533). Furthermore, amateur athletes had a larger *T* level increase compared to highly trained athletes (ES = 0.70 \[moderate\] vs ES = 0.34 \[small\]), without a significant difference between them (p = 0.50). Regarding the time of day, evening events showed greater alterations in *T* levels compared to morning events (ES = 0.73 \[moderate\] vs ES = 0.19 \[trivial\]), without a significant difference between them (p = 0.32, respectively). Alterations in *T* levels were slightly higher in official events (ES = 0.86 \[moderate\]) compared to simulation events (ES = 0.40 \[small\]), while only those observed after official events were significant (p = 0.017).

###### 

Testosterone responses to striking combat sports competitions relative to different moderator variables.

  -----------------------------------------------------------------------------------------------------------------------------------
  Independent variables             ES       Variance   95% CI           p           I^2^ (%)   df   Q value and (p) between groups
  --------------------------------- -------- ---------- ---------------- ----------- ---------- ---- --------------------------------
  Type of sport\                    0.76\    0.05\      0.33 to 1.18\    \< 0.001\   17.55\     3\   4.20 (0.122)
   karate\                          -0.58\   0.42\      -1.85 to 0.68\   0.366\      70.14\     1\   
   taekwondo\                       0.86     0.13       0.15 to 1.56     0.017       0.00       0    
   kickboxing                                                                                        

  Age of athletes\                  -0.58\   0.42\      -1.85 to 0.68\   0.366\      70.14\     1\   4.05 (**0.044**)
   ≤17\                             0.76     0.03       0.43 to 1.09     \< 0.001    0.00       4    
   \>17                                                                                              

  Gender\                           0.36\    0.16\      -0.43 to 1.15\   0.373\      77.90\     3\   0.30 (0.533)
   male\                            0.00     0.17       -0.80 to 0.80    1.000       0.00       0    
   female                                                                                            

  Competitive level\                0.70\    0.13\      -0.01 to 1.41\   0.054\      60.14\     1\   0.45 (0.505)
   amateur\                         0.34     0.15       -0.42 to 1.11    0.382       71.53      4    
   trained                                                                                           

  Circadian rhythm\                 0.19\    0.25\      -0.79 to 1.16\   0.707\      74.47\     3\   0.98 (0.322)
   morning\                         0.73     0.05       0.29 to 1.17     0.001       27.05      2    
   evening                                                                                           

  Nature of competition contests\   0.40\    0.10\      -0.22 to 1.01\   0.205\      68.99\     5\   0.94 (0.333)
   simulation\                      0.86     0.13       0.15 to 1.56     0.017       0.00       0    
   official                                                                                          
  -----------------------------------------------------------------------------------------------------------------------------------

![Forest plot of testosterone changes induced by striking combat sports competitions.](JBS-35-71601-g004){#f0004}

![Meta-regression performed with age as moderator.](JBS-35-71601-g005){#f0005}

Based on two studies' results (four ESs), alterations in *T* levels following the two different forms of karate (i.e., *kumite and kata*) were analysed. The results showed that both *kumite* and *kata* increase *T* levels (ES = 1.15 \[moderate\] and ES = 0.46 \[small\], respectively); however, only those alterations following *kumite* were significant (p \< 0.001), without a significant difference between the two karate forms (Q = 3.15; p = 0.076).

### 5.3. Effects of striking combat sports on adrenaline, noradrenaline, insulin-like growth factor 1 and human growth hormone level changes {#s3e3}

The summarized effect of two studies (three ESs) showed an extremely large increase in adrenaline level (ES = 4.22; 95% CI 2.62--5.82; p \< 0.001) immediately following karate and taekwondo events, compared to the control condition i.e., pre-combat ([Figure 6](#f0006){ref-type="fig"}). Only two studies (three ESs) aimed at investigating the effect of noradrenaline levels immediately following combat events. Accordingly, summarized effects of karate and taekwondo showed a very large increase (ES = 3.40; 95% CI 1.03--5.76; p = 0.005) of noradrenaline levels immediately following the karate and taekwondo events, compared to the control condition ([Figure 7](#f0007){ref-type="fig"}). IGF-1 alterations were investigated in only one study (two ESs), where a trivial and insignificant decrease was observed (ES = -0.20; 95% CI -0.78--0.37; p = 0.486) ([Figure 8](#f0008){ref-type="fig"}). Finally, based on one study's results, a very large increase was observed in HGH levels (ES = 3.69; 95% CI 1.96--5.42; p \< 0.001) immediately following kickboxing competitions, compared to the control condition.

![Forest plot of adrenaline changes induced by striking combat sports competitions.](JBS-35-71601-g006){#f0006}

![Forest plot of noradrenaline changes induced by striking combat sports competitions.](JBS-35-71601-g007){#f0007}

![Forest plot of insulin-like growth factor 1 changes induced by striking combat sports competitions.](JBS-35-71601-g008){#f0008}

Self-confidence, anger, motivation and competitive anxiety were the mediator variables of hormonal change-competition/outcomes relationship in striking combat sports athletes.

DISCUSSION {#sec4}
==========

1. Hormonal responses {#sec4.1}
---------------------

### 1.1. Karate {#s4a1}

Karate is a striking combat sport including two main forms (i.e., *kata* and *kumite*) (for more details see Chaabène et al., \[[@cit0012]\]). During simulated karate, Benedini et al. \[[@cit0017]\] compared the pre- and post-3 min hormonal response to *kata* and *kumite* forms. The authors reported that both forms produced significant increases in glucose, *T* and catecholamine levels, without appreciable changes in insulin and *C* concentrations \[[@cit0017]\]. However, glucose and epinephrine concentrations increased more after *kumite* than *kata*. Furthermore, *T* was increased after both exercises. With regards to *C* concentrations, no significant differences were observed between pre- (752.5 ± 52 nmol/l) and post-exercise in either the *kumite* or *kata* form (759.1 ± 46 and 711.1 ± 87 nmol/l, respectively) \[[@cit0017]\]. Other researchers studied hormonal responses during *kumite* and *kata* contests and revealed that *T* increased only during *kumite* (pre *=* 3.95 ± 0.41 vs post = 4.46 ± 0.49 ng/ml). Similarly, *C* increased significantly between pre and post *kumite* activity (pre *=* 108.36 ± 9.41 vs post = 162.80 ± 11.09 ng/ml) but not pre and post *kata* activity (pre *=* 103.40 ± 11.56 vs post = 115.00 ± 12.03 ng/ml) \[[@cit0024]\]. The present review showed that both *kumite* and *kata* resulted in an increase in *C* levels (ES = 2.61 \[very large\] and ES = 0.24 \[small\], respectively); however, due to high variance of ESs and heterogeneity among the included studies \[[@cit0017],[@cit0024]\], significance of those results was not achieved. Recently, Chaabène et al. \[[@cit0016]\] showed that simulated karate competition could be considered as a challenging situation and a very-high intensity and stressful activity in male elite level karateka. Particularly, during two consecutive bouts, salivary cortisol (*sC*) increased progressively and significantly from pre-combat 1 to post-combat 1 and from pre-combat 1 to post-combat 2. The *sC* values recorded at post-combat 2 would be considered the highest compared to those recorded at post-combat 1. In regards to salivary testosterone (*sT*), it decreased significantly in post-combat 2. These findings highlight the catabolic hormonal responses that occurred, particularly during the second karate bout. This observation was reinforced by the significant decrease of *T/C* ratio just after the second combat (Δ%=-43.5) compared to the first combat (Δ%=-31.1).

Overall, it can be concluded that karate events represent a stressful activity in both genders \[[@cit0016],[@cit0034]\]. The present review shows that *C* level increased in both *kumite* and *kata* karate contests, highlighting the high-intensity nature of both karate forms. The data also showed increasing *T* levels following *kumite* and *kata* (ES = 1.15 \[moderate\] and ES = 0.46 \[small\], respectively); however, only those alterations following *kumite* were significant, with no significant difference between the two karate forms. Training programmes have to be tailored to the particular requirements of each form of karate. Future research detailing hormonal responses related to combat outcome and gender in both simulated and official karate competitions is needed.

### 1.2 Taekwondo {#s4a2}

A typical taekwondo competition contains three 2 min rounds with a 1 min recovery in-between \[[@cit0037]\]. Pilz-Burstein et al. \[[@cit0035]\] studied the stress-related psychobiological responses of male and female youth (i.e., 14-years old) taekwondo practitioners during simulated competition. The results showed a significant decrease in *T* and free androgen index in male athletes with no effect on sex-hormone-binding proteins, as well as a decrease in the IGF-I levels in both genders. They also reported that *C* levels increased in both genders. However, when dealing with an official taekwondo contest, two studies were included \[[@cit0018],[@cit0033]\]. Chiodo et al. \[[@cit0018]\] showed that a taekwondo bout is highly stressful for young athletes and that it induces significant increases of both salivary α-amylase (sA-A) and *sC*. In the same contest, Capranica et al. \[[@cit0033]\] showed that *sA-A* and *sC* increased post-bout, with lower pre- and post-bout values than those of Chiodo et al. \[[@cit0018]\]. This difference could be due to (a) the duration of the competitions, with a lower duration during the official competitions of Capranica et al. \[[@cit0033]\] (three 1-min rounds) compared with Chiodo et al. \[[@cit0018]\] (three 2-min rounds), (b) the skill level of athletes (blue belt vs black belt, respectively), and (c) the age difference (10 vs 14 years, respectively). Regardless, these results confirm that a taekwondo bout is a highly stressful activity for young athletes. In addition, it could be possible to speculate that the high hormonal responses in the 10-year-old taekwondo athletes mirror the highest exercise intensities recorded in this group with respect to their older counterparts. During the day of the competition, taekwondo athletes can be engaged in several bouts with variable amounts of time \~30--120 min between competitions; thus cumulative effects may be expected in *sC* responses \[[@cit0018]\]. For instance, the development of strategies to facilitate the recovery of *C* levels and assist athletes to cope with the demands of taekwondo championships where several bouts per day are common may be an important consideration for future research. Furthermore, when comparing the stress response between genders after an official taekwondo competition, male athletes show higher absolute values, but a smaller increase (73%) between pre-bout and peak *sC* values than their female counterparts (199%) \[[@cit0018]\]. Indeed, further studies into the dissociation between gender and the mechanisms determining gender differences in competitive settings are strongly recommended. The relationship between high *C* responses and performance outcome and the differences in both psychological and hormones variables between different ages and levels of athlete are still unclear and future research in this context will be of practical relevance.

### 1.3 Kickboxing {#s4a3}

Kickboxing is a high-intensity intermittent striking combat sport that requires complex skills and tactical excellence for success where athletes are classified by gender, weight, and age \[[@cit0006],[@cit0007]\]. Kickboxing bouts consist of 3 rounds of 2 min with 1 min of recovery between \[[@cit0006]\]. During an official kickboxing contest, Ouergui et al. \[[@cit0015]\] reported a significant increase in *C*, *T* and HGH after full-contact kickboxing bouts. Furthermore, in simulated combat Moreira et al. \[[@cit0036]\] revealed that kickboxing bouts may significantly increase *sC* concentrations. Typically, it could be stated that *sC* is useful for the physiological monitoring of kickboxing during competitive bouts. Indeed, performing kickboxing bouts does not influence saliva flow rate, salivary immunoglobulin *A* (IgA) absolute concentration, or salivary *IgA* secretion rate \[[@cit0036]\]. Consequently, the results of the latter studies support the findings that kickboxing bouts could generate considerable acute stress and amplify the hormonal response by the activation of the central nervous system, typically with greater sympathetic nerve activity. Another study by Ouergui et al. \[[@cit0005]\] showed that simulated combat is not different to official combat in terms of stress response, with similar values pre- to post-combat to the results of Ouergui et al. \[[@cit0015]\]. In addition, plasma growth hormone (GH), *C*, glucose, and lactate concentrations were significantly elevated following non-combat kickboxing (NCKB) sessions, which consisted of 10 min of very light warm-up followed by seven sets of six techniques, 20 s per technique as fast as possible, with 1 min of rest between sets \[[@cit0038]\]. Future research related to hormonal changes in official kickboxing competition, female athletes, participant levels, and for different kickboxing styles (full-contact, low-kick, light contact) are needed to support the knowledge in the field.

2. Hormonal response and combat outcome {#sec4.2}
---------------------------------------

The *T* response appeared to depend on the nature of the competition contest (particularly whether a real bout is involved), individual character and the participant's evaluation of the likelihood of winning or losing the bout. In contrast, the *C* increase appeared to follow general physical activity. Furthermore, increases in both hormones appear to be important in preparing for mental and physical demands, and may affect performance, and thus have the potential to indirectly influence the competition outcome \[[@cit0009]\]. A previous study on animal fighting reported that winners exhibit high levels of free *T* and a low level of *C*, whereas the reverse is true for losers \[[@cit0039]\]. Previous studies on sports activities have confirmed the differences in *T* and *C* responses according to the outcome of the contest (i.e., victory or defeat) \[[@cit0009],[@cit0039]\]. An analysis of available data in judo athletes showed great variability in hormonal response, with *T* and *C* concentrations increasing or decreasing in winners or losers, respectively \[[@cit0009]\]. In contrast, other studies showed no significant difference in hormonal response between winners and losers after simulated kickboxing and both official and simulated karate bouts \[[@cit0005],[@cit0016],[@cit0034]\].

As mentioned, the human literature shows contradictory findings regarding the link between competitions, their outcome and hormonal variations (especially in relation to *T*) while also showing a high degree of methodological heterogeneity \[[@cit0009],[@cit0040]-[@cit0042]\]. This contradiction could be due to (a) the importance of the competition for the subject, (b) blood compared with salivary hormonal sample collection, (c) the body mass index (BMI) and technical ability, and (d) the type of martial art (i.e., judo being characterized by more intense body contact compared with karate).

3. Moderator variables of hormonal changes-competition relationship {#sec4.3}
-------------------------------------------------------------------

### 3.1 Age {#s4c1}

Hormonal levels vary over the lifespan \[[@cit0043]\]. Therefore, the difference in age could affect the *T* response to combat sports. For instance, age significantly affected the relationship between *T* levels and the competition situation. In this view, growth and maturation processes in humans are associated with profound modifications of numerous physical and psychological characteristics and hormonal patterns. However, compared to adults, fewer data are available in young individuals on the subject of the role of endocrine system status in influencing both athletic performances and the hormonal response to exercise-related stress \[[@cit0043]\], while in competition events, no studies in the literature have addressed this topic. Typically, the steroid hormone responses to physical stress are influenced by numerous variables, e.g. (a) individual characteristics (i.e., genes, age, gender), (b) physiological (i.e., nutrition, body composition) or pathological (i.e., obesity factors), (c) psychological conditions, and (d) the nature of physical activity performed \[[@cit0044]\]. A previous review by Kraemer and Ratamess \[[@cit0045]\] showed that age and/or maturity are mediator variables of the resistance training-endocrine response relationship. This difference could be due to the lower muscle glycogen levels at rest, higher proportions of slow twitch (type I) fibres in the vastus lateralis part of the quadriceps in children, higher plasma glucose levels, lower activity of phosphofructokinase-1 and lactate dehydrogenase enzymes, which could also explain the lower glycolytic capacity, and the limited production of muscle lactate in children compared to adults \[[@cit0043]\]. Specifically, it has been shown that after the early twenties, resting *T* levels begin to decline slowly \[[@cit0039]\].

### 3.2 Gender {#s4c2}

Males had greater *T* (ES = 0.36 \[small\] vs ES = 0.00 \[trivial\], respectively) and *C* (ES = 1.21 \[large\] vs ES = 0.66 \[small\], respectively) responses than females, but without any significant differences between them. However, it has been shown that the endocrine responses to the competitive setting varied significantly by gender \[[@cit0035]\]. Furthermore, the nature of the gender difference was complex. The difference in stress response between males and females may be due to (a) the higher hormone concentrations for men at rest (particularly *T* levels), (b) higher psychological stress in men immediately before the test which represents a challenge and (c) the differences in body composition (e.g., higher fat mass in women) and/or in sexual hormonal status \[[@cit0046]\]. Accordingly, Mazur and Booth \[[@cit0039]\] found that while men showed a rise in testosterone levels prior to a contest, there was no corresponding rise for women. They concluded that the effect of competition for increasing testosterone levels appears to be specific to men. For instance, the present review showed a higher increase in stress response in female fighters than males in an official combat contest, whereas in a simulation combat contest, male fighters presented a higher increase of *C* levels than female athletes.

### 3.3 Time of day {#s4c3}

The time of day at which the *C* and *T* were measured was found to be an insignificant moderator in the relationship between hormone change and competition. For instance, the current review found that evening events showed greater alterations in *C* levels compared to morning events (ES = 1.50 \[large\] vs ES = 0.48 \[small\]), without any significant difference between them. In contrast, higher physiological and psychological stress in the evening compared to the morning was reported in the literature \[[@cit0047]\]. In addition, the effect of the time at which the *T* was measured was non-significant, with a slightly greater ES level in the evening (ES = 0.73 \[moderate\]) compared to the morning (ES = 0.19 \[trivial\]). Coaches should consider holding the friendly competitions in the morning (between 10 a.m. and 12 noon) whenever they seek to decrease the stress response and to have specific training purposes. However, if the coaches seek to train their athletes in stressful conditions, they should delay the friendly competitions to late afternoon or early evening.

4. Mechanisms affecting the changes of steroid hormones {#sec4.4}
-------------------------------------------------------

Underlying mechanisms of observed hormonal changes might be explained by changes in psychological state and alteration at both central and peripheral levels, which will be discussed in the following paragraphs.

### 4.1. Psychological mediators/mechanisms {#s4d1}

A combination of "biological" and "psychological" measures can be used to characterize the athlete in terms of attitude and performance. Furthermore, psychobiological studies of martial arts can increase our understanding of the "power of mind" to modulate neurochemical responses. They could consequently be used in such combat sports activities as a form of personality training to enhance individual coping strategies in challenging situations (e.g., competition). However, some psychological variables (e.g., mental toughness, mood state) have been strongly linked with optimal performance and outcome in combat sports \[[@cit0010],[@cit0048],[@cit0049]\]. In addition, previous studies suggest the possibility of an intriguing correlation between psychological and biological (i.e., hormonal responses) factors in response to competitive contests \[[@cit0009],[@cit0024],[@cit0040]\]. Some attempts to link hormonal changes to psychological variables are reported in a few studies of sport dyadic encounters such as in judo, taekwondo and karate \[[@cit0024],[@cit0040],[@cit0050]\]. In this context, a clinical study of stress response, in healthy individuals, reported that harm avoidance (a behaviour modulated by anxiety) was positively related to plasma *C* concentrations, thus showing a clear association of temperamental traits and hypothalamic--pituitary--adrenal (HPA) function \[[@cit0051]\]. For instance, even though the study of Chiodo et al. \[[@cit0018]\] showed no relationship using the profile of mood states (POMS) tool, this does not exclude existing relationships that could be demonstrated with other more specific tools. Furthermore, in the perspective of the game theory applied to conflict \[[@cit0052]\] a neglected factor in many of the above studies is the possible asymmetry between contestants as regards fighting motivation, fighting ability and personality traits influencing the individual perception of the value and possible outcome of the competition \[[@cit0009],[@cit0040]\]. For instance, Parmigiani et al. \[[@cit0024]\] suggest that in a symmetric type of contest the karatekas with more anxious and defensive personality traits have higher probability of losing the competition. In other words, personality traits might be an important asymmetry factor between athletes influencing both the probability of winning or losing an agonistic interaction and the different anticipatory endocrine response to the incipient fight. In addition, in a previous study on judo athletes, Suay et al. \[[@cit0041]\] observed the relationships between *T* changes in competition and motivation to win, as well as between *C* response and self-efficacy. This suggests that humans' hormonal response to competition is not a direct consequence of winning and losing but rather is mediated by complex psychological processes that could even contribute to the competition outcome. A previous study also reported that *C* is not strictly linked to an agonistic activity but is affected by the cognitive and emotional perception of the event \[[@cit0008]\]. In conclusion, these findings may help to explain the already evident connection between psychological state and the activation of the endocrine systems, in which the psychological skills are the mediator variable of win-loss in competition.

The lack of correlation between psychological variables, measured with psychometric tests, and hormonal response in winners and losers (especially *C*) found in some studies \[[@cit0009],[@cit0040]\] may be due to the fact that personality traits measuring the temperament and personality dimension were used (i.e., Sixteen Personality Factor Questionnaire (16PF), Temperament and Character Inventory (TCI), State-Trait Anxiety Inventory (STAI)) that better evaluate the individual behavioural coping strategy than those generally used in previous studies (i.e., POMS and Buss-Durkee Hostility Inventory (BDHI)) measuring the individual hostility and mood profile (i.e., either as personality state and/or trait) in a specific competitive situation. Finally, these data are important for sports psychology and sports science in general to suggest a new area of research in psychobiology. Whereas, to date, limited studies on this topic were reported, researchers are encouraged to examine the psychological mechanisms of the hormonal response-competitive situation/outcome relationship. In the likelihood intrinsic motivation, individual self-confidence, anger, mental toughness, and competitive anxiety are the psychological variables related to a competitive event.

### 4.2. Central and peripheral mechanisms {#s4d2}

Both central and peripheral factors are used to explain underlying mechanisms of steroid hormone changes. First, the central mechanism relies on the fact that free *C* concentrations of subjects negatively correlated with the motor cortex response \[[@cit0053]\]. Similarly, total *T* concentrations also negatively correlated to the cortical motor threshold in humans \[[@cit0053]\]. Second, in the supposed peripheral mechanism, *T* and *C* play important roles in mediating training adaptation, with one or more mechanisms involved, such as muscle and motor unit development, behavioural changes, and mobilization of metabolic resources \[[@cit0054]\]. However, it is difficult to draw clear conclusions about which mechanism underlying the competition-hormonal response relationship, due to the unavailable data in this context. Perhaps both central and peripheral mechanisms are involved. However, further studies in this context are needed.

#### Strengths and limitations of the review {#sec4.5}

The limitations and challenges associated with the analysis and interpretation of hormonal research in competition (e.g. procedural issues, analytical methods, and research design) were another discussion point. For instance, hormone analytical method (e.g., Elecsys assays, enzyme-linked immunosorbent assay \[ELISA\], radioimmunoassay \[RIA\] or multiplex) and intra/inter-assay coefficient of variation were different in all studies. Thus, a relatively small sample size was reported in some of the selected studies. Limited numbers of studies on *T* response in striking combat sports were also recorded.

One of the strengths of this review is the fact that the majority of the studies included presented high to moderate methodological quality, with only three studies presenting poor quality (average of Downs and Black scale=8). Hence, their results must be interpreted with caution. In addition, the different variables studied, such as nature of the competition, age, gender, and time of day, in all the studies reviewed allowed this review to provide some basic data that will allow future studies to build on and improve the knowledge in this specific field.

CONCLUSIONS {#sec5}
===========

The measurement of psychological and hormonal parameters offers a unique possibility to achieve a more comprehensive evaluation of the stress responses of the individual in competitive situations. Furthermore, this area of research can represent a useful model for monitoring the impacts of various stressors (e.g., simulation and official competitions) in athletes of different age and gender. The present systematic review and meta-analysis showed that the hormonal response during official combat competition was greater than that in simulated conditions. Thus, except the age of participants, gender, nature of the competition and time of day would not be considered as moderator variables of the hormonal change-competition relationship. Also, the studies regarding the link between the outcome of the competition and hormonal variables are contradictory. This difference may be due to (a) the importance of the competition for the athlete, (b) blood compared with salivary hormonal sample collection, and (c) the type of martial art concerned. Thus, some psychological variables, such as fighting motivation, mental toughness, competition anxiety, self-efficacy and self-confidence, represented a cause-and-effect (mediator variables) relationship between hormonal response and outcome of the competition and the predictor variables of performance in the competition. Future studies including psychological variables in conjunction with the assessment of hormonal responses in simulated and official combat sports competition are important to understand the mechanisms of a positive or negative relationship. Also, future investigations on hormonal responses in other striking combat sports such as boxing, relevant to specific situations (simulation or official competition), gender, and participant levels are needed to support the findings presented in the current review. Furthermore, the link between psychological variables and hormonal response seems to be a very important area of future research.

The present review gathered studies about the hormonal response during official and simulation striking competitions, which are relevant for coaches to monitor training load and to facilitate the planning of specific training modalities. The schematic results of hormonal responses for striking fighters can be used to obtain references of the sport-specific demands.

Asking questions about how these hormones (*T*, *C*, adrenaline, noradrenaline, insulin-like growth factor 1 and human growth hormone) interact in a variety of settings in striking activities is likely to be an important step towards a better understanding of the physiological, psychological, and behavioural effects of these hormones. This could be used to prevent the development of non-functional overreaching conditions or overtraining syndrome and optimize training management. The current review of the acute effects of striking combat on hormonal responses could also be used to organize the precompetitive cognitive training programme to reduce the psychological and physiological stress of combat sports athletes.
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